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Chemometric methodsA sensometric approach for the identiﬁcation of sensory descriptors that characterize milk samples added with
whey was investigated. Sweet cheese whey (pH= 6.59, nonfat dry = 8.06% w/w) was added to rawmilk in in-
creasing concentrations (0, 5, 10, 15 and 20% v/v), and then submitted to quantitative descriptive analysis. The
data treated used multivariate statistical methods, principal component analysis (PCA) and hierarchical cluster
analysis (HCA). Some inconsistent results were reported during the evaluation of the samples, suggesting prob-
lems along the panelmember training and/or lack of concentration,motivation along the test. Our results suggest
chemometric methods allied to descriptive sensory tests present limited contribution to investigate authenticity
of milk due the presence of cheese whey. This aspect compromising the performance the multivariate analysis,
which ﬁndings should be face as tendency.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
The authenticity of foods is currently of major concern for re-
searchers, consumers, industries and policy makers at all levels of the
production process. Milk is a typical example as, although this product
provides several beneﬁts to the human health (Napgal et al., 2012), it
is a fairly expensive raw material. Therefore, from an economic stand-
point, modifying the milk composition and replacing part of it with
other dairy or non-dairy ingredients could seemas an attractive practice
(De La Fuente & Juarez, 2005). Indeed,milk is one of the seven top foods
that are adulterated, and this fact has been widely recorded (Moore,
Spink, & Lipp, 2012). Recently, Souza et al. (2011) reported that com-
mercial ultra-high temperature milks available in the Brazilian market
presented at least one adulterant, such as starch, chlorine, formalin, hy-
drogen peroxide and urine. Moreover, the addition of cheese whey in
ﬂuid milk has already been reported elsewhere (Lasmar et al., 2011),
and it is very difﬁcult to detect such an alteration by ofﬁcial analytical
procedures (AOAC, 2005), making it necessary to implement new ex-
perimental procedures/assays, such as Fourier transform infrared spec-
troscopy (Cassoli, Sartori, Zampar, & Machado, 2011).
However, equipment and accessories involved in implementing
these analytical methodologies may represent a barrier to health agen-
cies and sectors of surveillance, mainly in developing countries, whichM.C. Aquino).typically have limited ﬁnancial and human resources. In this sense, the
use of chemometric techniques (Almeida, de Sá Oliveira, Stephani, &
Cappa de Oliveira, 2013; Finete, Gouvêa, Marques, & Netto, 2013;
Santos, Pereira-Filho, & Rodriguez-Saona, 2013a) allied to sensory
methods, particularly sensory descriptive techniques – we named
sensometric approach – as a tool in identifying this type of fraud can
be interesting and useful, as the time involved in training the panel
can be readily compensated by the speed of obtaining the results.
In this sense, this study aimed to evaluate the potential use of
sensometric approach (quantitative descriptive analysis allied to che-
mometric methods) to identify attributes that allow detecting adultera-
tion of raw ﬂuid milk intentionally addedwith cheesewhey at different
concentrations.2. Material and methods
2.1. Sampling
The raw milk samples (18 L) were collected on a weekly basis on a
private property in the city of Areal, Rio de Janeiro. The selection criteri-
on of the property was based on a previous analysis of milk quality and
permission to follow up themilking. Suchmonitoringwas performed to
avoid the addition of substances to the rawmilk. After milking, the milk
was immediately cooled (4 ± 1 °C) and taken to the Veterinary Faculty
of the Universidad Federal Fluminense, in Niteroi city, in the state of Rio
de Janeiro.
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The cheesewhey used in the experimental analyseswas obtained by
the manufacture of Minas fresh cheese. For this purpose, an enzymatic
clotting (Chr Clerici Power Rennet, Cagliﬁcio Clerici, Sao Paulo, Brazil)
was performed before the cutting of milk gel, followed by ﬁltra-
tion (Gomes et al., 2011). The Sweet cheese whey (pH = 6.59, nonfat
dry = 8.06% w/w) obtained from this process was added to raw milk
(500 mL) in increasing concentrations (0, 5, 10, 15 and 20% v/v, coded
M0, M5, M10, M15 and M20, respectively) being the mix cheese
whey/milk pasteurized for 65 °C/30 min. The temperature of 65 °C
was obtained in the cooker and was maintained by a water bath.
The samples were stored in glass bottles, kept under refrigeration (4 ±
1 °C) and subsequently offered to the panelists throughout the training
period. There was no addition of salt during the processing. Table 1
shows the description of samples and their encodings.2.2. Sensory proﬁling
Tests were conducted in a standard room equipped with three indi-
vidual taste booths. Samples (about 15 mL) were served at 4 ± 1 °C in
white plastic vessels coded with three random digit numbers. Still min-
eral water and unsalted crackers were used as palate cleanser.
The sensory proﬁle of each product was determined by thirteen as-
sessors (5 women, 8 men, aged 24–32 years) who were selected and
trained according to the methodology of quantitative descriptive analy-
sis (QDA, Lawless & Heymann, 2010). All of them had prior experience
with quantitative descriptive analysis, and are regular consumers of
ﬂuid milk. This methodology and its established procedures have been
successfully used for ﬂuid milk products likemilk with low lactose con-
tent (Adhikari, Dooley, Chambers, & Bhumiratana, 2010), cheeses
(Albenzio et al., 2013; Santillo et al., 2012; Wadhwani & McMahon,
2012), ice cream (Cadena, Cruz, Faria, & Bolini, 2012) and functional
dairy products such as probiotics, prebiotics and symbiotic yogurts
(Allgeyer, Miller, & Lee, 2010; Cliff et al., 2013; Desai, Shepard, &
Drake, 2013; Gonzalez, Adhikari, & Sancho-Madriz, 2010; Pimentel,
Cruz, & Prudencio, 2013).
For descriptor selection, an initial list of termswas preparedwith the
information obtained from the literature (Leonardi, Caniatti-Brazacca, &
Arthur, 2011), as the overall there is not a notable change in the whey
composition in dairy factories around theworld. A group of 13 assessors
were asked to evaluate the suitability of these descriptors to describe
the sensory characteristics of the samples according to the checklist
method (Damasio & Costell, 1991). They could propose new terms
after performing the repertory grid (Moskowitz, 1983), where the
samples were presented in pairs, along with the sensory plug, and
each taster described similarities and differences between them in rela-
tion to appearance, odor, ﬂavor and texture. Then, two sessions of 2 h
were held. In these sessions, the assessors tested the samples and
discussed themost suitable attributes. A list, composed of nine terms re-
garding appearance, odor, ﬂavor and texture of the samples, was ﬁnally
selected. The ﬁnal list of descriptors, their deﬁnitions and some refer-
ence products are shown in Table 2. The intensity of each attribute
was scored on a non-structured 9 cm line scale anchored as “weak”
(1) at the lower end and “intense” (9) at the higher end.Table 1
Samples description.
Code Sample
M0 Milk without addition of whey
M5 Milk with 5% cheese whey
M10 Milk with 10% cheese whey
M15 Milk with 15% cheese whey
M20 Milk with 20% cheese wheyThe same group of 13 assessors was trained in six 1 hour training
sessions, twice weekly according to the ISO 8586-1 (1993) guidelines.
The ﬁrst session was held with the panel leader and with all the asses-
sors andwas aimed at deﬁning the descriptors, determining the sample
evaluation procedures, and establishing the deﬁnitive scorecard. In the
following sessions, each assessor evaluated the intensity of the nine pre-
viously selected attributes in separate booths on ﬁve different samples.
At the end of each of these sessions the panel leader and the assessors
discussed the individual results obtained in order to establish consensus
criteria for evaluation.
Final evaluation of the descriptive analysis of the ﬁve samples was
carried out in triplicate with each assessor evaluated all samples.
Three different sessions were performed, during three consecutive
days. Discriminating capability and repeatability using the data collect-
ed during the training sessions were used of the panelists' evaluation
(Morais, Cruz, Faria, & Bolini, 2014). The reference sample together
with the scorecard was presented at the beginning of each session.
This process allowed the panelists to create the appropriate context
for each scale. The reference sample was removed before sample evalu-
ation. The panelists were given 30mL of each sample in disposable cups
codedwith three-digit numbers in the temperature of 4±1 °C. For each
sample, odor attributeswere evaluated ﬁrst. Then, assessorswere asked
to evaluate visual texture, ﬂavor, and ﬁnally, in mouth textural attri-
butes. To reduce the inﬂuence of serving order, the samples evaluated
in each session were served according to a balanced design (MacFie,
Bratchell, Greenhoff, & Vallis, 1989).
2.3. Statistical analysis
Two-way analysis of variance (ANOVA) (samples and assessors)
with interactionwas applied to the sensory data obtained for each attri-
bute. Individual differences among assessors were analyzed by a ﬁxed
model, considering samples as ﬁxed factor. When a signiﬁcant interac-
tion between assessors and sample was observed for a descriptor, a
mixed model ANOVA was performed, considering samples as ﬁxed ef-
fect and assessors as random effect (Bayarri, Carbonell, Barrios, &
Costell, 2011; González-Tomás, Bayarri, & Costell, 2009). Fsample values
were then recalculated taking the average square of the interaction as
denominator. Least signiﬁcant differences (LSD) between samples
were determined by Fisher test (α = 0.05). Descriptive measures
(mean and standard deviation values) were provided for each sensory
attribute (Granato, Calado, & Javis, 2014), with the latter being calculat-
ed using the results obtained in the three sessions performed in the ﬁnal
evaluation of the samples.
Chemometric methods were also used to data treatment. Principal
component analysis (PCA) was also applied to the mean values of attri-
bute intensity (Cruz et al., 2013a). Additionally, performed hierarchical
cluster analysis (HCA) was also applied to the ﬁrst two dimensions ob-
tained in PCA. This analysis was performed on a 5 × 9 matrix, which
lines the samples 5 samples and the columns 9 sensory descriptors as
will be shown later. All calculations were performed with the software
version XLSTAT for Windows 2012.5 (Addinsoft, Paris, France). As the
ﬁnal evaluation of the samples in QDA was performed three times,
each result was considered as independent trial. Furthermore, three
PCA and HCA were generated showing three independent maps, show-
ing the graphical position of the samples and the sensory descriptors
associated to them. These ﬁgures were used to check the stability of
the technique, and in this sense, this procedure constituted away to val-
idate the results of the methodology.
3. Results and discussion
Table 3 shows the results obtained by a ﬁxed model of two-way
ANOVA with interaction, considering sources of variation samples and
assessors applied to all sensory descriptors raised by the sensory panel
for the QDA. The panelists reported the existence of nine sensory
Table 2
Deﬁnitions of descriptive terms used as references extreme intensity scale in intact sensory evaluation ofmilk andmilk adulteratedwith different percentages ofwhey (5, 10, 15 and 20% v/v).
Descriptive terminology
Attribute Deﬁnition Reference product
Appearance
Translucent Ability to overcome the light Shortly: milk concentrate with 10% milk powder
Intense: cheese whey
Whiteness Color white presented by milk Shortly: cheese whey
Intense: milk with 10% cornstarch
Odor
Typical Characteristic odor of milk Shortly: milk diluted with 75% water
Intense: milk concentrate with 10% milk powder
Not sour Characteristic odor substances Shortly: milk diluted with 75% water
Sugar added Intense: milk with 50% condensed milk
Boiled milk Odor associated with cooked milk Shortly: milk diluted with 50% water
Heated milk Intense: boiled milk
Flavor
Typical Characteristic ﬂavor of milk Shortly: cheese whey diluted with 50% water
Intense: milk concentrate with 10% milk powder
Salt Flavor caused by solutions Shortly: cheese whey diluted with 50% water
Aqueous sodium chloride solution Intense: milk with 0.1% sodium chloride
Sweetness Flavor caused by solutions Shortly: cheese whey diluted with 50% water
Aqueous sugar and sweeteners Intense: milk with 1% sugar
Texture
Viscosity Intensity sense of fullness in mouth Shortly: milk diluted with 50% water
Intense: milk concentrate with 10% milk powder
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and boiled milk (odor); milk, sweetness and saltiness (ﬂavor) and vis-
cosity (texture). With the exception of descriptors whiteness, boiled
milk odor and viscosity, signiﬁcant differences were detected between
samples (p N 0.05) for all other attributes. Similar attributes were ob-
served in sensory proﬁling of whey beverages with different levels of
the whey in the formulation (Legarova & Kourimska, 2010). As expect-
ed, assessors were also an important source of variation (p N 0.05) in all
cases, since, despite the selection and training of judges, some variabil-
ity always remains due to factors such as sensitivity of individual nature
and motivation as the easiness of use of scales, being hardly eliminated
(Naes, Brockhoff, & Tomic, 2010).
However, it is important to know whether assessor variability may
inﬂuence the estimate of sample differences. The signiﬁcance, or not,
of the effect of sample × assessor interaction provides information
about this point. In this case, for ﬁve sensory descriptors (translucency,
milk and sweetness odor, milk and sweetness ﬂavor), this interactionTable 3
Two-way ANOVAof sensory attribute scores ofﬂuidmilk andmilk adulteratedwith differ-
ent percentages of whey (5, 10, 15 and 20%) (13 assessors, 5 samples, 6 replicates). F ratio
valuesa.





Translucent 2.38* 14.32* 1.54* 2.15*
Odor
Typical 3.16* 21.5* 2.02* 2.62*
Not sour 1.362* 17.62* 1.15* 1.12*
Boiled milk 0.65ns 14.14* 1.06ns
Flavor
Typical 3.46* 20.04* 1.72* 3.03*
Sweetness 1.59* 21.9* 1.46* 1.83*
Saltiness 1.71⁎ 6.01* 1.15ns
Texture
Viscosity 1.87ns 12.76*
a An asterisk (*) indicates signiﬁcant at α b 0.05; ns = not signiﬁcant.
b Calculated using the mean square error as denominator.
c Calculated using the mean square of interaction term as denominator.was signiﬁcant (p b 0.05), indicating absence of concordance among
the panel members regarding the evaluation of samples with respect
to these attributes. Performing a mixed ANOVA considering samples
with ﬁxed effect and assessors as a random effect, the effect of the sam-
ple for the ﬁve previously mentioned attributes remained signiﬁcant
(Table 3), suggesting that all attributes could remain in the analyses
and had potential relevance for the characterization and discrimina-
tion of milk samples added with various concentrations of whey. The
sensory proﬁling established in this research is similar to otherwhey ob-
tained by other cheeses as cheddar and mozzarella (Campbell, Miracle,
Gerard, & Drake, 2011) suggesting whey cheese contributes with the
same sensory descriptors, regardless of the type of cheese.
Table 4 shows the average values of nine sensory attributes for each
sample accompanied by the respective standard deviation values. M0
was characterized by similar intensity of whiteness and milk odor, in-
creased saltiness ﬂavor and lower intensity for boiled milk odor when
compared with other milk samples. This ﬁnding is not expected, as dur-
ing the cheesemaking process, most of the lactose present in the milk isTable 4
Mean values of sensory attributes and corresponding Fisher's signiﬁcant difference for
samplesa.
Atribute Sample
M0 M5 M10 M15 M20
Appearance
Whiteness 6.45a (0.81) 6.23a (0.81) 6.28a (0.81) 6.74a (0.81) 6.32a (0.81)
Translucent 2.03ab (0.83) 2.67b (0.83) 2.24ab (0.83) 1.77a (0.83) 2.14ab (0.83)
Odor
Typical 6.78ab (0.78) 6.07b (0.78) 6.28ab (0.78) 6.89a (0.78) 6.60ab (0.78)
Not sour 3.56c (0.87) 4.24a (0.87) 3.92b (0.87) 3.54c (0.87) 3.65c (0.87)
Boiled milk 1.48a (0.79) 1.75a (0.79) 1.62a (0.79) 1.80a (0.79) 1.79a (0.79)
Flavor
Typical 6.98ab (0.75) 6.30c (0.75) 6.55ab (0.75) 7.27a (0.75) 6.83ab (0.75)
Sweetness 1.78c (0.89) 3.08a (0.89) 2.34b (0.89) 1.85c (0.89) 2.11b (0.89)
Saltiness 4.10a (0.91) 3.65b (0.91) 3.69b (0.91) 4.04a (0.91) 3.98a (0.91)
Texture
Viscosity 3.64a (0.77) 3.67a (0.77) 3.39a (0.77) 3.88a (0.77) 3.35a (0.77)
a–cValues are means with standard deviations in brackets. The identiﬁcation of samples is
as given in Table 1. Means within a row with common superscripts do not differ
signiﬁcantly (α b 0.05).
Fig. 2.Dendrogram of ﬂuid milk andmilk adulteratedwith different percentages of sweet
whey (0, 5, 10, 15 and 20% v/v). The identiﬁcation of samples is as given in Table 1.
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(Walstra, Wouters, & Geurts, 2005), which inﬂuences in a decisive way
the saltiness ﬂavor intensity. Other important fact is about the sweet-
ness ﬂavor of the samples, as it is reported the sample added with
increased whey concentration presented similar intensity of this attri-
bute in relation to the control sample, without whey because of the lac-
tose. The content of lactose in whey and milk is very similar (Prazeres,
Fátima Carvalho, & Rivas, 2012). This ﬁnding is also unexpected and
once more, the limited use of sensometric methods for the detection
of milk adulteration with cheese whey is demonstrated. As regards
the boiled milk aroma the ﬁndings present coherence as it is reported
on the low thermal resistance of the whey protein, which confers a typ-
ical way of boiled milk in the product (Gallardo-Escamilla, Kelly, &
Delahunty, 2005). Overall, the results reﬂect that even with a continu-
ous training a disagreement among the panel members which can be
related to the demotivation and lack of concentration along the test
was observed. In fact, some variability among the assessors always re-
mains: it can be due to individual differences in the use of scales or to
individual differences in sensitivity or motivation and it is very difﬁcult
to eliminate completely (Naes et al., 2010). The ﬁndings are supported
by the high standard deviation values reported by the sensory descrip-
tors (see Table 4) and can suggest the sensory difference of samples are
too subtle for detection by a human panel. In this sense, the sensory
technique appears to have a limited effect and should be used as a tem-
porary measure until the organization has ﬁnancial conditions to
acquire more sensible instruments and analytical techniques as liquid
chromatography–electrospray-tandem mass spectrometry (Motta,
Hoff, Barreto, Meneghini, & Pizzolato, 2014), scanner Digital Images
(Santos, Wentzell, & Pereira-Filho, 2012; Santos et al., 2012, 2013a)
and hand-held and portable infrared spectrometers (Santos, Pereira-
Filho, & Rodriguez-Saona, 2013b).
Fig. 1 shows the principal component analysis (PCA) performed
using the means of the attributes of the QDA. We only used descriptors
that showed signiﬁcant differences between the samples, and thus
excluded attributes whiteness, boiled milk odor and viscosity. Using
only two principal components reported 98.30% of the variability. The
samples M0 and M15 are characterized by attributes milk odor, milk
and sweetness ﬂavor, while samples M5, M10 and to a lesser extent,Fig. 1. Principal component analysis (PCA) ofﬂuidmilk andmilk adulteratedwith different perc
Table 1.M20 are characterized by attributes not sour odor, saltiness ﬂavor and
translucency. These attributes should be selected and taken into account
in the training panelists to detect milk with added whey, using cheeses
as stimulus whey of different dairy and collected at different times, the
inﬂuence of these factors on the composition of whey (Johansen,
Vegarud, & Skeie, 2002). These results may be useful for health agencies
and inspection systems for small and medium-sized municipalities, as
they can get a quick response regarding this problem, minimizing the
need to purchase more sophisticated equipment that would affect
their limited ﬁnancial budget.
Fig. 2 shows the analysis of the dendrogram resulting from the appli-
cation of hierarchical cluster analysis (HCA) for the veriﬁcation of simi-
larity between samples, displayed a conﬁrmation of existing results in
the PCA. Note the existence of three segments: the ﬁrst containing the
samples M0 and M15, second containing the sample M20 and the
third containing the samples M5 and M10. The formation of the groupsentages of sweetwhey (0, 5, 10, 15 and20% v/v). The identiﬁcation of samples is as given in
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lent practice, inasmuch as the control sample without whey (M0) was
placed near the sample with higher whey, M15 and M20, suggesting
that they are perceived similarly in sensory standpoint. The ﬁndings
suggest reinforcing the need of a strict training to have success to use
a sensometric approach to detect cheese whey in milk, suggesting this
measure should be faced as a limited efﬁciency. Future research should
be covered about this topic. Therefore the ﬁndings observed should be
faced as just an overall tendency, due to the previous problems ob-
served along the panel training. Descriptive methods using consumers
can be an interesting option (Cruz et al., 2013b; Santos &
Pereira-Filho, 2013a), as they can informwhich the relevant sensory de-
scriptors are related by the typical consumer of this product.
4. Conclusion
Our ﬁndings suggest that combined use of sensory tests and chemo-
metric techniques, in particular the quantitative descriptive analysis
and exploratory methods, as PCA and HCA does not present total efﬁ-
ciency to the detection of cheese whey in milk, as some inconsistent
ﬁndings were detected during the evaluation of the samples.
As the fraud of processed foods remains as an important problem
which should be monitored in a constant way by the Health Agencies,
it is emphasized that the presence of cheese whey in ﬂuidmilk is inves-
tigated using powerful non-destructive analytical techniques, as infra-
red stereoscopy and digital images.
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